Distinct Differences in Precipitation Mercury Concentrations Between Urban and Rural Measurements
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ABSTRACT

Mercury (Hg) is widely recognized as a toxic pollutant of global importance, with impacts on health for both humans and wildlife. Through the use of network data from the Mercury Deposition

Network, we compared 15 urban and rural site pairs for differences in Hg concentration and wet deposition fluxes in precipitation. We postulated that urban environments have multiple small point and

area sources resulting in higher local Hg emissions and thus higher deposition rates. Given the near proximity of these urban/rural pairs, precipitation is generally equal, allowing for a more direct
comparison of wet deposition.

Data from the MDN for years 1996 through 2011 were used to compare precipitation concentration and deposition at 15 urban and rural locations typically within 100 miles of each other. For pairwise,
week-to-week concentration and deposition comparisons, 2052 weeks were available for analysis. Several significant results were found, including urban sites have higher concentrations of Hg in

precipitation than the corresponding rural site at 95% certainty, that approximately two thirds of the time (with equal precipitation) an urban site has both higher Hg concentrations and higher deposition

of Hg than a surrounding rural site, and that the difference is typically about 1 and 2 ng/L across all U.S. sites (10 to 20%). Reasons for these differences will be discussed, including when higher Hg
emissions at urban locations occur; however, higher emissions are not always the case. Some observations suggest that urban photochemistry may be playing an important role in higher urban
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deposition. These results will have important policy ramifications for urban areas and mercury policy in general.
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precipitation depth, as measured at urban and rural locations. Green boxes are positive differences or
significant at 95% confidence; red boxes are negative differences. The Shapiro-Wilcoxon column is either

normally or non-normally distributed (n or non-n), and grey box observation violate statistical assumptions
and therefore suspect.

Discussion: What is driving this difference? There are many potential reasons. Graph 1 shows that local emissions are not higher near the urban site as expected, but can be higher either around

the urban or the rural site. Graph 2 shows that precipitation can be higher at either rural or urban site, so there is no consistent dilution/concentration effect occurring. Graph 3 shows that the
concentration differences are higher during the warm summer months, suggesting that photochemistry in the urban areas may be producing the higher mercury concentrations in the atmosphere,

and therefore in precipitation.
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Example of winds and emissions summation

Mercury concentrations in precipitation are clearly higher in urban environments, as
seen at urban/rural pairs of Mercury Deposition Network sites. This is consistent with
model predictions.

This difference is statistically significant at 13 of 21 pairs over 15 years of observations
(table).

This mercury concentration differences occurs:

* with and without significant precipitation differences (Graph 2);

* with and without higher urban emissions of mercury (total Hg, Graph 1); and

* and is higher (median) in the warmer months (Graph 3), which suggests that higher
photochemistry rates could be driving this difference, since higher photochemical
rates would be expected around the more-urban areas.
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